The epizootic hematopoietic necrosis virus (EHNV) is a strain of the Iridovirus genus, which includes viruses seriously affecting native and aquacultured fish and amphibians. Despite its growing importance as a threat to fish farming, very little information is available on the biochemical and immunological nature of this virus. To identify and characterize the main antigenic determinants of EHNV, a panel of murine monoclonal antibodies was produced upon parenteral inoculation with live virus. A total of 124 primary hybridoma cultures from two fusions was found to produce antibodies reacting with EHNV by ELISA, but no neutralizing monoclonal antibody was detected. Twenty hybridoma cultures were randomly chosen for further study, and the antibodies secreted were analyzed by Western blotting, radioimmunoprecipitation, and immunostaining of infected cells. Only three MAbs immunoprecipitated the 50-kDa EHNV major capsid protein (MCP) from infected cell lysates, but they did not stain this protein in Western blotting. Eight and five further MAbs recognized peptides of approximately 15 and 18 kDa, respectively. Four antibodies could not be mapped into any viral protein, although they specifically immunostained virus-infected cells and reacted with purified EHNV virions by ELISA. These latter MAbs and the three antibodies directed at the MCP are likely to recognize conformation-dependent epitopes on the virus capsid proteins. © 2002 Elsevier Science (USA) 
INTRODUCTION
The family Iridoviridae contains five established genera including Iridovirus (Chilo iridescent virus, CIV), Chloriridovirus (Mosquito iridescent virus, MIV), Ranavirus (Frog virus 3, FV3), Lymphocystivirus (Flounder virus, LCDV-1), and Goldfish virus 1-like viruses (Goldfish virus 1, GFV-1) (Williams et al., 2000) .
Iridoviruses are composed of a single linear molecule of double-stranded DNA ranging from 170 to 200 kb in size (Williams et al., 2000) within an icosahedral capsid which is surrounded by a lipid membrane. Iridoviruses, assembled in the cytoplasm and released by budding, usually measure 130-170 nm and have up to 36 major polypeptides, including proteins with enzyme activities, e.g., protein kinase, nucleotide phosphohydrolase, ribonuclease, deoxyribonuclease, and protein phosphatase (Goorha and Dixit, 1984; Williams et al., 2000) . The iridovirus icosahedral capsid is composed of a single polypeptide with a molecular weight of approximately 50 kDa. This major capsid protein (MCP) is the predominant structural component of the virus particle comprising 40-45% of the total protein (Willis et al., 1977) , and its amino acid sequence contains highly conserved domains, thus being a suitable target for the study of viral evolution (Tidona et al., 1998) .
In nature, iridovirus infections are confined to invertebrates and ectothermic vertebrates (i.e., fish, reptiles, and amphibians). Iridovirus infections of fish raise serious economic problems in modern aquaculture and fish farming, and new iridovirus-like pathogens have been described in over 100 different species of fish worldwide (Tidona et al., 1998) . Mortality among affected fish is commonly high, ranging from 30% (market-size fish) to 100% (fry) (Ahne et al., 1989 (Ahne et al., , 1990 Langdon et al., 1986; Pozet et al., 1992) .
Epizootic hematopoietic necrosis virus (EHNV), a piscine iridovirus (Eaton et al., 1991) , was originally isolated from redfin perch Perca fluviatilis L. and cultured rainbow trout Oncorhynchus mykiss (Walbaum) in Victoria, Australia (Langdon et al., 1986 (Langdon et al., , 1988 , and in the following years similar iridovirus epizootics occurred in Europe, Asia, and U.S.A. (Ahne et al., 1998) . Comparative analysis by Southern blot (Ahne et al., 1998) and sequencing of the gene encoding the major capsid protein of EHNV, amphibian iridoviruses (FV3, BIV), sheatfish, and catfish iridoviruses suggested that they all belong to the genus Ranavirus and that they clearly differ from piscine iridoviruses LCDV and Goldfish iridovirus (Yu et al., 1999) . Overall, iridovirus-like pathogens are now recognized as the cause of severe systemic diseases among feral, cultured, and ornamental fish such as perch (P. fluviatilis), rainbow trout (O. mykiss), sheatfish (Silurus glanis), catfish (Ictalurus melas), or red sea bream (Pagrus major) (Ahne et al., 1989; Bloch and Larsen, 1993; Langdon et al., 1986 Langdon et al., , 1988 Mao et al., 1997; Pozet et al., 1992) .
EHNV has been experimentally transmitted to fry and young fish of several teleost species (Langdon, 1989) by bath infection or injection of virus. Infected fish showed darkening, erratic swimming, anorexia, apathy, and ataxia; gross signs of infection were petechial hemorrhages in the skin and several internal organs, and lesions eventually lead to focal or generalized necrosis of the hematopoietic tissue of spleen, liver, and kidney. Adult fish which survive infection may act as reservoirs or carriers of the virus (Ahne et al., 1990; Langdon, 1989) .
Despite the increasing burden of infections with EHNV or other iridoviruses, detailed knowledge of molecular and antigenic properties of this group of viruses is missing. Diagnosis of EHNV infection currently relies on virus isolation in cell cultures and recognition of virions by electron microscopy, that, however, does not provide conclusive virus identification, is time-consuming, and is expensive. Immunoassays routinely used for laboratory diagnosis of many viral infections could be very helpful due to their sensitivity and specificity, low cost, reagent stability, and ease of procedure (Steiner et al., 1991) . Production of specific monoclonal antibodies (MAbs) against EHNV is thus highly desirable and might help implement both diagnostic assay for field application and methods for strain characterization.
This study was aimed to identify the main antigenic structures of the iridovirus strain EHNV through the generation and characterization of a panel of mouse monoclonal antibodies. In addition to the MCP, two smaller peptides exposed on the surface of the virion were found to orient the immune system of mice in response to parenteral injection of live virus.
RESULTS

Hybridoma production and screening
Sera from mice immunized with EHNV were tested for virus-specific antibody production by an ELISA assay vs purified virus. Two of the mice, showing serum antibody titers of 1:3200 and 1:1600, respectively, were separately used for fusion. Overall, the two fusions yielded a total of 124 hybridoma cell culture supernatants reacting with EHNV in an ELISA assay specific for mouse antibody. All ELISA-positive cultures were also tested for neutralization activity against EHNV using a focus-reduction microneutralization test. No hybridoma cell supernatant showed an appreciable neutralizing activity at screening. Twenty primary cultures were randomly chosen for further study and subcloned twice before final establishment as individual clones. The immunoglobulin class of antibodies produced by the established hybridoma clones was determined by an ELISA isotyping test (Table  1) . Two supernatants showed reactivity with anti-chain antibodies, whereas the remaining 18 antibodies were all shown to belong to IgG isotypes, suggesting the occurrence of secondary immune response during mouse immunization.
Recognition of EHNV proteins by MAbs in Western blotting
To identify the structural viral proteins recognized by the established MAbs, sucrose cushion purified EHNV preparations were subjected to polyacrylamide gel electrophoresis in reducing conditions, and the separated proteins were transferred to nitrocellulose (NC) paper for Western blot analysis. Of 20 MAbs used for immunostaining of viral protein bands, 8 were shown to recognize a band migrating with an approximate molecular weight of 15 kDa, and 5 other MAbs identified a band with an apparent molecular weight of 18 kDa (Fig. 1b ). In addition to this, the latter MAbs occasionally also stained smaller bands with a size of approximately 6-8 kDa. Comparison of the immunostained bands with those appearing from Coomassie blue staining of electrophoresed EHNV structural proteins ( Fig. 1a ) showed that MAbs were directed at peptides associated with the virion. Furthermore, no signal was obtained in Western blot when the same MAbs were challenged vs unin- fected cell extracts (not shown). Interestingly, none of the MAbs tested reacted with the 50-kDa major capsid protein of EHNV. The lack of staining by seven MAbs tested suggested that they might recognize viral epitopes which may be destroyed by denaturation of viral proteins under the electrophoresis conditions used.
Radioimmunoprecipitation (RIPA) of EHNV peptides by MAbs
To investigate the protein specificity of antibodies which did not react with viral structural proteins in Western blotting, hybridoma supernatants were tested for their ability to bind and precipitate 35 S-labeled EHNV proteins from an EHNV-infected cell lysate prepared at 14 h after infection. Specific immunocomplexes were analyzed by polyacrylamide gel electrophoresis and autoradiography (Fig. 2) . The test confirmed the identification of viral protein bands with an apparent molecular weight of 15 or 18 kDa by 10 of the 13 MAbs positive by Western blotting. In addition, three further MAbs were shown to immunoprecipitate a 50-kDa peptide, most likely corresponding to the major capsid protein of EHNV. Seven remaining MAbs did not immunoprecipitate any band, although three of them were positive in Western blotting. In two cases, the antibody released by the hybridoma clones was found to belong to IgM immunoglobulin type, therefore, not expected to react with protein G used for precipitation of the immune complex. Therefore, the RIPA assay was repeated with a modified procedure, involving previous sensitization of protein G beads with a goat antibody to mouse polyvalent immunoglobulins. With this method, MAb 1H1 could be found to specifically immunoprecipitate the 15-kDa viral peptide shown by Western blotting.
Immunocytochemistry
The failure of 4 of the 20 MAbs to either immunoprecipitate or immunostain Western blotted viral proteins raised the question whether these hybridoma supernatants might indeed contain antibodies to contaminant cell-specific proteins in the virus preparations used for both immunization and ELISA. To rule out this possibility, the capacity of MAbs to specifically immunostain EHNVinfected EPC cells by immunoperoxidase was assayed on monolayers infected at a low m.o.i. All antibodies except four were found to immunostain virus-infected but not control cells when monolayers were fixed with methanol. Interestingly, the three MAbs (2C2, 3C6, and 4G10) found to react with the viral MCP by RIPA could not stain infected cells which had been fixed with methanol, whereas they recognized viral antigens in cells fixed with paraformaldehyde. These findings further indicated that the antigenicity of the epitopes recognized by these MAbs is strictly dependent on the native conformation of MCP, being destroyed by denaturation, reduction, or methanol dehydration. MAb 2B2 could also stain infected cells when fixed with p-formaldehyde, but its protein specificity remains unknown.
Immunostaining of monolayers at different times during infection showed a progressive development of well distinct foci of virus replication within a layer of normal cells (Fig. 3) , indicating that the antibodies recognized proteins of viral origin which are present in large amounts inside cells as early as 6 h p.i. In the case of MAbs to the 15-and 18-kDa peptides in particular, staining of infected cells was very intense, suggesting that these antibodies might prove useful for immunocytochemical demonstration of EHNV infection in diagnostic practice.
FIG. 1. SDS-PAGE and Western blotting analysis of EHNV proteins. Purified EHNV was subjected to SDS-PAGE, and protein bands were stained with Coomassie brilliant blue (a) or transferred onto nitrocellulose paper for Western blot analysis (b). The NC strips were incubated with each hybridoma supernatant or with anti-EHNV whole mouse serum. Secondary incubation was performed with goat anti-mouse IgG conjugated with HRP, as described in detail under Materials and Methods. Reaction was then developed with TMB.
Synthesis and intracellular accumulation of antigenic peptides with time
A time-course analysis was conducted to verify possible differences between the 50-, 15-, and 18-kDa viral proteins recognized by our MAbs during EHNV replication in EPC cells. The experiment was conducted using MAbs 2C2, 4A4, and 3F8, representative of the 50-, 15-, and 18-kDa viral proteins, respectively, in an indirect immunofluorescence assay, to improve the sensitivity of antigen detection (Fig. 4) . In all cases, few intracytoplasmic fluorescent dots could be first appreciated after approximately 2 h, which indicates that in a few cells all three peptides start being synthesized early during virus replication. However, labeling of cells increased substantially only after 6-8 h p.i. to reach a maximum level around 12-16 h. No difference in the time course of immunostaining could be observed between MAbs specific for the three distinct peptides. Similarly, distribution of fluorescence inside cells did not show significant differences between MAbs. Staining was not seen in the nucleus of infected cells and was mostly present inside confined, sometime wide or multiple areas of the cytoplasm. Some scattered fluorescence was however also present in the free cytoplasm.
Immunoelectron microscopy
The localization of the antibody binding site on the viral proteins recognized by some of the monoclonal antibodies characterized was investigated by immuno-gold staining of purified EHNV with MAbs specific for the proteins of 50-, 18-, and 15-kDa (2C2, 3F8, and 4A4), and electron microscopic examination (Fig. 5 ). The presence of gold-labeled virions further suggested that the epitopes recognized by the MAbs are exposed on the surface of the virus. The gold staining was particularly intense in the case of MAb 2C2, directed against the major capsid protein (Fig. 5b) , confirming that the corresponding antigenic site reacts very efficiently with the specific antibody when this protein is assembled on the virus surface. These data, together with the observed immunological reactivity of this protein in RIPA but not in WB, confirm the hypothesis that the epitope involved is dependent on its three-dimensional conformation.
The possibility that MAbs 3F8 and 4A4 were indeed directed at proteins of the viral core occasionally exposed on altered virions rather than truly present at the surface of the virus was investigated analyzing EHNV core preparations by IEM using the same three MAbs. No labeling of core particles could be observed with any of the MAbs examined ( Fig. 5) .
DISCUSSION
During the past decade a growing interest has been raised to the Iridoviridae family due to the findings that some of its members may be responsible for serious disease in commercially and recreationally important fish (Ahne et al., 1989; Eaton et al., 1991; Hedrick and McDowell, 1995; Hedrick et al., 1992 ; Langdon and Hum- , 1987; Langdon et al., 1988; Moody and Owens, 1994; Pozet et al., 1992) . In addition to the lymphocystis disease virus, already known in the 1980s to be linked with fish pathology (Wolf and Mann, 1980) , other iridoviruses, particularly of the genus Ranavirus, are now acknowledged as a cause of disease among both native fish and those raised in aquaculture facilities (Mao et al., 1997) . Fish iridovirus epizootics can be destructive particularly in the conditions of animal overcrowding often present in aquaculture facilities, and not rarely mortality can scale up to 100%, as described worldwide (Ahne et al., 1989; Eaton et al., 1991; Hedrick et al., 1992; Langdon et al., 1986 Langdon et al., , 1988 Pozet et al., 1992) . A further risk which is not presently fully appraised is the possible crossing of host species barriers by amphibian virus strains, in particular toward wild fish, that has been first suggested to occur less than a decade ago (Hetrick and Hedrick, 1993; Mao et al., 1999; Moody and Owens, 1994) . Considering the steadily increasing presence of catfish in both the wild and the market in several countries of Europe where these fish were virtually absent until a few decades ago, the need for contrasting the emergence of these major pathogens of fish is becoming urgent (Daszak et al., 1999) . So far neither vaccines (Kim and Leong, 1999) nor ready-to-use commercial immunodiagnostics are available for use toward iridovirus infection of aquaculture fish that limits prevention to the control of virus spread after its appearance in a hatchery and makes diagnosis to rely mostly on manifestation of symptoms by sick individuals and on histological confirmation on postmortem specimens. Methods for setting up a rabbit serumbased ELISA for detection of EHNV in fish tissues have been reported (Office International des Epizooties, 2000), but the use of polyclonal sera in this assay presents the inconvenience of a cumbersome preparation of reagents and limited reproducibility of results especially among different laboratories.
To help implement knowledge on iridovirus antigens, we undertook the present investigation on the Ranavirus genus member EHNV, with the specific aim of understanding which viral peptides would act as immunogens and elicit the production of monoclonal antibodies in mice.
Overall, the high number (124) of primary hybridoma cultures secreting MAbs to EHNV yielded from two mouse spleens fused separately demonstrates that EHNV virus itself is highly immunogenic at least in the mouse. That is not surprising given the reported complexity of both the structure and the protein moiety of iridoviruses, which apparently may comprise more than 30 distinct polypeptides (Tondre et al., 1988) . However, none of our MAbs could be proven to interfere with EHNV replication in cell cultures, thus confirming the reported difficulties in eliciting a neutralizing immune response toward members of this viral genus (Whittington et al., 1994) . Whether this may indicate that antibodies have scarce relevance in protecting fish in vivo cannot be ruled out at present, and detailed studies on the cell-mediated immune response to iridovirus should hopefully be undertaken to clarify the basis for protection. On the other hand, investigations of the antibody response in fish have been hampered by the high lethality of these pathogens which most often do not allow susceptible animals to survive long enough after infection to develop an immune response (Ahne et al., 1990) . It also remains to understand how and to what extent some adult fish can survive infection with EHNV or other iridoviruses and function as reservoirs and carriers of the viruses (Langdon, 1989) . Experimental infection of the less susceptible host rainbow trout with EHNV has been shown to cause disease in an overall 4% of individuals from which the virus could subsequently be isolated. In contrast, fish remaining healthy proved negative at virus isolation and, with few exceptions, did not develop virusspecific antibodies (Whittington et al., 1994) .
Although it is the major component of the virion, our present findings suggest that the 50-kDa MCP making up the iridovirus icosahedral capsid does not act as an immunodominant antigen in EHNV. In fact, of the 20 randomly selected MAbs described, only 3 were shown to be directed at this peptide. The MCP epitope recognized by our MAbs is apparently conformation-dependent since our MAbs did not stain the denatured MCP in Western blotting, as previously reported by Orange and co-workers (Orange et al., 1988) . Conversely, these antibodies could efficiently immunoprecipitate the native protein from infected cell lysates and stain intracellular viral antigen in an immunocytochemical assay following fixation of infected monolayers with paraformaldehyde but not with methanol.
Our study indicates that two further peptides associated with the EHNV virion, sized 15 and 18 kDa, respectively, are able to elicit a strong immune response upon parenteral immunization of mice. All of the eight MAbs recognizing the 15-kDa viral peptide could immunoprecipitate the corresponding antigen and immunostain Western blots, which implies that the epitopes they recognize are most likely linear. The ability of these antibodies to stain viral antigens in infected cell monolayers was not affected by the different fixatives used, consistent with the recognition of conformation-independent epitopes. Of the five MAbs staining the 18-kDa peptide in Western blotting, only two also immunoprecipitated their antigen from radiolabeled cell lysates. Since all these MAbs were determined to be IgG immunoglobulins, therefore binding the protein G used for precipitating the antigen-antibody complexes, these data suggest that they may be directed at different epitopes on the same peptide, one of which may be conformation-dependent. The observation that, in addition to the 18-kDa peptide, these MAbs also weakly immunostained smaller bands of approximately 6-8 kDa suggests that the 18-kDa peptide may undergo a partial enzymatic digestion during virus assembly. Since they were not immunoprecipitated by any MAb, the 6-to 8-kDa peptides are apparently not accumulated within cells during infection. Although reported in the protein electropherograms of various iridoviruses, the nature and localization of the 15-and 18-kDa proteins are still unknown.
As detected by a sensitive indirect immunofluorescence assay, these two peptides appeared to be confined in the cytoplasm of infected cells mostly but not solely within viroplasm-like areas. In this aspect, as well as in their time course of synthesis, they behave similar to the MCP, supporting a possible structural role of these two peptides as well. Similar results were obtained by Chinchar and co-workers (Chinchar et al., 1984) with the FV3 strain of Ranavirus, although these authors could not see antigen accumulation outside virus assembly sites. They hypothesized either a rapid transfer of these peptides from the cytoplasm into viroplasms after synthesis or the recognition of conformational sites, possibly not present in the soluble proteins, by their MAbs. A different sensitivity between their detection assays compared to the assay used by us is however also possible. Despite these minor differences, our two studies altogether further confirm the close similarities between different members of the Ranavirus, genus that is particularly important in deciding universal strategies for developing immunological reagents for diagnosis and/or characterization of this group of viruses.
Overall, our present results suggest that the two 15and 18-kDa proteins are exposed on the surface of EHNV consistently with the localization of gold label around intact viral particles shown by immunoelectron microscopy with specific MAbs. In addition, antibodies to neither the 50-kDa protein nor the 18-or 15-kDa peptides could label naked viral cores by IEM, indicating that the presence of the outer capsid layer is critical for reactivity of these MAbs. Although we cannot exclude that the conformation of the epitopes recognized by MAbs 3F8 and 4A4 was lost during core preparation, our results suggest that not only the MCP but also the smaller peptides are associated with the capsid.
The recognition of other capsid proteins in addition to the MCP and the availability of monoclonal reagents will make it possible to accomplish more detailed studies on the structure of Iridovirus capsid and to focus the attention on possible antigenic determinants useful for both detection and differentiation of members of this viral genus. The quality of cell staining obtained with most MAbs to the 15-and 18-kDa proteins suggests that in addition to ELISA these MAbs are well suited also for immunocytochemistry and might prove useful for early detection of viral infection during isolation in cell cultures as well as for confirmation of infection by immunohistochemical analysis of postmortem tissues (Sanz and Coll, 1992) .
Although a precise mapping of the antibodies herein reported at the epitope level is still to be achieved and will possibly require the expression of recombinant viral proteins, our present results strongly suggest that proteins other than the established major protein component of the EHNV capsid are involved in the elicitation of antibodies. Further study on the relevance of these viral peptides in either immunodiagnostic practice or protection should be hopefully undertaken in view of the control of iridovirus infection worldwide.
MATERIALS AND METHODS
Cells and virus
Epithelioma papulosum cyprini (EPC) cells were grown at 25°C in Eagle's minimal essential medium (MEM) supplemented with 10% fetal calf serum (FCS), antibiotics (50 IU/ml penicillin, 50 g/ml streptomycin), 2 mM glutamine, and 1% MEM nonessential amino acids. The virus used in this study was the EHNV strain of iridovirus isolated in Australia (Langdon et al., 1986) and was kindly provided by Michel Bremont (INRA, France). Production of virus stocks was carried out in EPC cell monolayers in 175-cm 2 flasks infected at an m.o.i. of 0.1. The plaque-cloned virus multiplied at 25°C in EPC cells with titers of 3 ϫ 10 7 PFU/ml.
Virus purification
Infected cell cultures showing cytopathic effect (CPE) were freeze-thawed thrice. Cell debris was pelleted at 3000 rpm for 15 min and the cell-free supernatant was ultracentrifuged at 30,000 rpm in a Beckman Ti45 rotor for 1 h at 4°C. The virus pellet was resuspended in TNE buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM disodium EDTA; pH 7.5) and layered onto a 30% sucrose cushion in TNE. After centrifugation in a Beckman SW41 at 33,000 rpm for 2 h at 4°C, the virus pellet was finally resuspended in TNE buffer and stored at Ϫ70°C until used. For preparation of EHNV viral cores, we used the method previously reported by Tripier-Darcy and co-workers (Tripier-Darcy et al., 1982) , consisting of incubation of purified virions with 10 mM dithiothreitol and 0.5% NP-40 for 1 h at 37°C. Cores were then dialyzed and concentrated using Vivaspin centrifuge concentrators (MW cutoff 100,000; Sartorius).
Immunization of mice
Adult BALB/c mice (12-week-old) were immunized intraperitoneally at 3-week intervals with 250 l of a preparation of purified EHNV in the presence of Freund's adjuvant. Approximately 12 days after each viral inoculation, serum samples were taken from immunized animals and tested for the presence of anti-EHNV antibodies by enzyme-linked immunosorbent (ELISA) and neutralization assays. Mice showed ELISA antibody titers ranging from 1:400 to 1:3200 after the second boost, whereas no serum sample showed significant neutralizing activity.
Fusion
Mice positive for anti-EHNV antibodies received a final boost through the tail vein 4 days before fusion. Animals were sacrificed, and spleens were resected. Preparation of spleens for fusion was performed as previously described by Greenberg and co-workers (Greenberg et al., 1983) . Lymphocytes were fused with FOX myeloma cells with 50% polyethylene glycol in DMEM. Hybridoma supernatants were screened using a focus-reduction microneutralization test and an ELISA assay using purified EHNV as capture antigen (see below). Selected cultures were cloned by limiting dilution using a mouse thymocyte feeder layer. Confirmation of MAb isotype was performed by ELISA using a mouse antibody isotyping kit (ISO-2, Sigma).
ELISA
For analysis of hybridoma supernatants, microtiter ELISA plates were incubated overnight with 50 l/well of purified EHNV diluted 1:100 in PBS and blocked with 5% FBS in PBS for 1 h at 37°C. Wells were incubated with 1:10 dilution of hybridoma cell supernatants in PBS containing 3% bovine serum albumin (BSA) for 2 h at 37°C. After washing, plates were incubated with 1:2000 dilution of a goat anti-mouse IgG (HϩL) antibody conjugated with alkaline phosphatase (KPL) for 1 h at 37°C. Reaction was then developed with p-nitrophenol phosphate (Sigma 104) in 10 mM diethanolamine, pH 10. After 1 h incubation at 37°C, optical densities were measured at a wavelength of 405 nm using a Bio-Rad ELISA reader. Absorbance values equal to or higher than threefold the background were considered to be positive.
Immunoperoxidase staining and immunofluorescence of EHNV-infected cells EPC cells grown in 24-well plates were infected with EHNV at a low m.o.i. (0.01 PFU/cell) and incubated at 25°C overnight. Monolayers were then rinsed with PBS and fixed with 50% methanol in PBS for 10 min (alternatively, cells were fixed with 4% paraformaldehyde in PBS, followed by permeabilization with 0.5% Triton X-100). After washing, monolayers were incubated with a 1:5 dilution of hybridoma supernatants in PBS-1% BSA or with serial dilution of mouse immune serum. A replicate aliquot of each supernatant was placed onto uninfected control cells. After 1 h at 37°C, the supernatants were removed and the wells were rinsed three times with PBS. A 1:2000 dilution of goat anti-mouse IgG (HϩL) antibody labeled with horseradish peroxidase (HRP; Pierce) in PBS 1% BSA was added. After 1 h incubation at 37°C, cells were washed, and the presence of virus replication foci was shown by reaction with amino-ethylcarbazole (AEC) in 50 mM acetate buffer, pH 6.
For indirect immunofluorescent staining, paraformaldehyde/Triton X-100-treated cells grown on glass coverslips were first incubated with MAbs (1:5) and subsequently stained with a FITC-conjugated anti-mouse IgG antibody (Sigma) diluted 1:200 in PBS/BSA. After mounting in 50% glycerol/PBS, monolayers were observed with a fluorescence microscope.
Focus-reduction neutralization (FRN) assays
A focus-reduction microneutralization assay with immunoperoxidase staining was used as previously described (Giammarioli et al., 1996) . Briefly, 50 l EHNV suspension containing approximately 200 focus-forming units (FFU) were mixed with a same volume of either a 1:10 dilution of hybridoma cell supernatants for screening of fusion or a mouse serum in MEM containing 5% FBS. After 90 min incubation at RT, the mixtures were inoculated onto EPC cells in 96-well plates. Infected cells were fixed 18 h later and stained with anti-EHNV mouse antiserum (1:2000), as described above.
SDS-PAGE and Western blotting
Aliquots of purified virus were mixed with Laemmli's sample buffer (LSB) (Laemmli, 1970) , and proteins were separated by electrophoresis through 10 to 15% SDSpolyacrylamide gels. Protein bands were stained with Coomassie brilliant blue or processed for Western blotting. After electrophoresis, gels were soaked for 30 min at RT in transfer buffer (48 mM Tris, 39 mM glycine, 20% methanol, 0.037% SDS). Proteins were transferred to nitrocellulose paper using a semidry blotting unit (Bio-Rad) at 15 V for 45 min. Transfer membranes were blocked with 5% skim milk in PBS overnight at 4°C. After washing in PBS-0.05% Tween 20, blots were incubated with 1:5 dilution of hybridoma cell supernatants in PBS-1% skim milk for 2 h at RT. Secondary incubation was carried out with goat anti-mouse IgG (HϩL) antibody conjugated with HRP, diluted 1:2000 in PBS 1% skim milk. Develop-ment of reaction was performed by incubation with tetramethylbenzidine (TMB, Vector).
Radioimmunoprecipitation
Monolayers of EPC cells grown on 75-cm 2 flasks were infected with EHNV at an m.o.i. of 1. At 12 h postinfection, cells were washed with PBS and the medium was replaced by methionine-free MEM and incubated for 2 h at 25°C. Cells were labeled by adding 50 Ci/ml [ 35 S]methionine (Amersham) to the medium. After incubation for 2 h at RT, cells were lysed with 3 ml RIPA buffer (25 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.1% SDS, 0.5% Na deoxycholate, 1% Triton X-100, 100 g/ml phenyl-methylsulfonyl fluoride, 10 g/ml DNase I), and centrifuged at 6000 rpm for 20 min to remove cell debris. Fifty microliters of radiolabeled lysate was incubated with 100 l hybridoma cell supernatants and 300 l RIPA buffer for 3 h at 4°C. Sepharose protein G beads (Sigma) were added, and incubation was protracted for 4 h. Immune complexes bound to the beads were centrifuged at 3000 rpm for 3 min and washed five times with RIPA buffer plus a final wash with 50 mM Tris-HCl. Samples were suspended in LSB, separated on SDS-PAGE, and analyzed by autoradiography.
Immunoelectron microscopy
Five microliters of purified EHNV (3ϫ10 7 PFU/ml) or virus cores, prepared as described above, in TNE buffer was adsorbed to carbon-coated electron microscopy (EM) grids, which were then incubated with 20 l hybridoma cell supernatants for 30 min at 37°C. After washing with PBS 0.1% Tween 20, grids were incubated with a 1:10 dilution of anti-mouse IgG (HϩL) antibody conjugated with gold-microspheres (5 nm diameter) (Sigma) in PBS-1% BSA for 30 min at 37°C. Viruses were then negatively stained with 2% phosphotungstic acid (PTA) and examined using a Philips S208 transmission electron microscope.
